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@  Polysilane-slloxane  oligomers  and  copolymers  and  methods  of  making  the  same. 

@  Linear  polysilane-siloxane  copolymers  having  remarkable 
sensitivity  to  radiation  have  the  general  formula 

[(SIMe2)mJ.[OSiMeR)n]b 

wherein  Me  is  a  methyl  group,  R  is  lower  alkyl  or  phenyl,  m 
-  4  to  about  30  inclusive,  n  =  1  to  about  100  inclusive,  a  and  b 
may  each  be  1  to  10  about  Inclusive,  and  a  units  alternate  with 
b  units.  The  copolymers  of  the  invention  may  be  in  the  form  of 
oligomers,  random  copolymers  where  n  -  1  to  9,  block  co- 

^§  polymers  where  n  -  10  to  100,  and  mixed  (random  and  block) ™  copolymers.  These  copolymers  may  also  be  in  the  form  of 
—  .  modified  copolymers  having  reactive  functional  groups  such 
W  as  acrylate,  methacrylate,  vinyl  or  other  unsaturated  substitu- 
te  tions.  The  copolymers  may  be  produced  by  formation  of  a 
0)  halogen  terminated  oligomer  of  a  polysilane  or  polysilane-si- 

loxane  copolymer,  followed  by  coupling  the  oligomers  with 
CO  themselves  or  with  distinct  higher  molecular  weight  silanol 
Q  terminated  siloxane  species.  Depending  upon  their  specific 
#a  structures,  the  copolymers  respond  to  electron  beam  or  ultrav- 

iolet  radiation  by  depolymerizing,  behaving  as  photoinitiators 
Q   for  acrylate  polymerization  or  cross-linking. 
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POLYSILANE-SILOXANE  OLIGOMERS  AND  COPOLYMERS 
AND  METHODS  OF  MAKING  THE  SAME 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   t h e  

p r o d u c t i o n   of  o l i g o m e r s   and  c o p o l y m e r s   of  s i l o x a n e s  

5  w i t h   p o l y s i l a n e s ,   p a r t i c u l a r l y   p o l y   ( d i m e t h y l -  

s i l a n e ) .   More  p a r t i c u l a r l y ,   t h e   i n v e n t i o n   r e l a t e s  

to  h a l o g e n   t e r m i n a t e d   o l i g o m e r s ,   and  r a n d o m ,   b l o c k ,  

m i x e d   ( r a n d o m   and  b l o c k ) ,   and  m o d i f i e d   b l o c k   c o -  

p o l y m e r s   w h i c h   e x h i b i t   u n i q u e   o p t i c a l   and  p h o t o s e n -  

10  s i t i v e   p r o p e r t i e s .  

B a c & g r P u n c L o f   t h e   I n v e n t i o n  

P o l y s i l a n e s   a r e   of  i n t e r e s t   b e c a u s e   o f  

s e v e r a l   u n u s u a l ,   p r o p e r t i e s   a s s o c i a t e d   w i t h   r e p e a -  

t i n g   s i l i c o n - s i l i c o n   b o n d s   w h i c h   e x h i b i t   e x t e n s i v e  

15  e l e c t r o n   d e r e a l i z a t i o n .   T h i s   u n u s u a l   d e r e a l i z a -  

t i o n   i s   a s s o c i a t e d   d i r e c t l y   or  i n d i r e c t l y   w i t h   h i g h  

r e f r a c t i v e   i n d e x ,   h i g h   e x t i n c t i o n   c o e f f i c i e n t s   o f  

a b s o r p t i o n   a t   u l t r a v i o l e t   l i g h t   f r e q u e n c i e s ,   a n d  

o l e f i n - l i k e   b e h a v i o r .  
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P o l y m e r i c   p h e n y l   s i   l a n e s   we re   a p p a r e n t l y  

o b t a i n e d   by  K i p p i n g   e a r l y   in  t h i s   c e n t u r y ,   a n d  

p e r m e t h y l p o l y s i l a n e ,   a l s o   known  as  p o l y ( d i m e t h y l -  

s i l a n e ) ,   was  p r e p a r e d   as  e a r l y   as  1949  by  t h e  

s o d i u m   c o n d e n s a t i o n   of  M e 2 S i C l 2 ,   w h e r e i n   Me  s i g n i -  

f i e s   a  m e t h y l   (CH3)  g r o u p .   H o w e v e r ,   no  n o t e w o r t h y  

a p p l i c a t i o n s   e x p l o i t i n g   o p t i c a l   or  p h o t o s e n s i t i v e  

p r o p e r t i e s   of  t h e s e   m a t e r i a l s   h a v e   e m e r g e d .   T h i s  

is   a  c o n s e q u e n c e   of  t h e   i n t r a c t a b l e   n a t u r e   of  h i g h  

m o l e c u l a r   w e i g h t   s i l a n e   p o l y m e r s   w h i c h   e x h i b i t  

l i t t l e   or  no  s o l u b i l i t y   in  t h e   u s u a l   o r g a n i c   s o l -  

v e n t s   s u c h   as  b e n z e n e ,   t o l u e n e ,   x y l e n e ,   and  n a p h t h a  

p e t r o l e u m   t h i n n e r s .  

S e v e r a l   a p p r o a c h e s   h a v e   been   f o l l o w e d   t o  

m o d i f y   t h e   p o l y m e r   s t r u c t u r e   so  as  to  c i r c u m v e n t  

t h e   p r o b l e m   of  i n t r a c t a b i l i t y .   P e r h a p s   t h e   m o s t  

w e l l   known  is   t h e   p o l y s i l a n e   d e r i v e d   by  W u r t z -  

F i t t i g   c o n d e n s a t i o n   of  one  to   two  m o l e   r a t i o s   o f  

p e n y l m e t h y l d i c h l o r o s i l a n e   and  d i m e t h y l d i c h l o r o -  

s i l a n e ,   w h i c h   r e s u l t s   in  t h e   i n t r o d u c t i o n   of  a  

p h e n y l   g r o u p   in  p l a c e   of  a  m e t h y l   g r o u p   on  a l t e r n a -  

t i n g   s i l i c o n   a t o m s .   C r y s t a l   l i n i t y   d r o p s   s h a r p l y  

w i t h   i n c r e a s i n g   n u m b e r s   of  p h e n y l   g r o u p s .   A t  
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p h e n y l / m e t h y l   r a t i o s   n e a r   1:3  t h e   p o l y m e r   i s  

a m o r p h o u s ,   w i t h   a  m e l t i n g   t e m p e r a t u r e   n e a r   2 0 0  

d e g r e e s   C,  and  i s   h i g h l y   s o l u b l e   in  o r g a n i c   s o l -  

v e n t s   a t   room  t e m p e r a t u r e .   T h i s   c o m p o u n d   e n t i t l e d  

5  " p o l y s i l a s t y r e n e *   was  r e p o r t e d   by  R o b e r t   West   e t  

a l ,   J o u r n a l   of  t h e   A m e r i c a n   C h e m i c a l   S o c i e t y .  

1 0 3 : 7 3 5 2   ( 1 9 8 1 ) .  

O t h e r   a t t e m p t s   to   c i r c u m v e n t   t h e   p r o b l e m  

of  i n t r a c t a b i l i t y   h a v e   i n c l u d e d   t h e   r e p l a c e m e n t   o f  

10  m e t h y l   g r o u p s   w i t h   o t h e r   h y d r o c a r b o n   m o i e t i e s ,   s u c h  

as  e t h y l   or  n - p r o p y l   g r o u p s .   W h i l e   a l l   of  t h e s e  

s u b s t i t u t i o n s   s o l v e   to   v a r i o u s   d e g r e e s   t h e   p r o b l e m s  

of  s o l u b i l i t y ,   t h e y   i n c r e a s e   t h e   r a t i o   of  h y d r o -  

c a r b o n   to   s i l i c o n ,   and  t h e r e b y   s i g n i f i c a n t l y   a l t e r  

15  o p t i c a l   and  t h e r m a l   c h a r a c t e r i s t i c s   of  t h e   p o l y -  

s i l a n e s .  

Br_ief   _  S u m m a r y _ o f   _£  he_  I n v e n t i o n  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,  

l i n e a r   c o p o l y m e r s   of  s i l a n e s   and  s i l o x a n e s   h a v e  

20  b e e n   d e v e l o p e d   h a v i n g   t h e   b a s i c   g e n e r a l   f o r m u l a :  

-4 - (S i   Me2)n i ] a [   ( O S i M e R ) ^   ( I )  
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w h e r e i n   Me  i s   a  m e t h y l   g r o u p ,   R  i s   l o w e r   a l k y l   o r  

a r y l ,   m  =  4  to   a b o u t   30  i n c l u s i v e ,   n  =  1  to   a b o u t  

100  i n c l u s i v e ,   a  and  b  may  e a c h   be  1  to   a b o u t   1 0 ,  

and  a  u n i t s   a l t e r n a t e   w i t h   b  u n i t s .   The  c o p o l y m e r s  

5  of  t h e   i n v e n t i o n   may  be  in   t h e   f o r m   of   o l i g o m e r s ,  

r andom  ( m i c r o b l o c k )   c o p o l y m e r s   w h e r e   n  =  1  to  9 ,  

b l o c k   ( m a c r o b l o c k )   c o p o l y m e r s   w h e r e   n  =  10  to   1 0 0 ,  

and  m i x e d   ( r andom  and  b l o c k )   c o p o l y m e r s .  

A l s o   w i t h i n   t he   i n v e n t i o n   a r e   m o d i f i e d  

10  c o p o l y m e r s   of  t h e   g e n e r a l   f o r m u l a :  

- t ? S i M e 2 ) i n ] a [ ( O S i M e R » ) n - T T 5   ( I I )  

w h e r e i n   Me,  m,  n,  a  and  b  a r e   as  d e f i n e d   a b o v e ,   a n d  

R'  a l t e r n a t e s   b e t w e e n   l o w e r   a l k y l   or  a r y l   on  s o m e  

Si  a t o m s   and   a  r e a c t i v e   g r o u p   on  o t h e r   Si  a t o m s  

15  w h e r e i n   t he   r e a c t i v e   g r o u p   i s   s e l e c t e d   f rom  a c r y -  

l a t e ,   m e t h a c r y l a t e ,   v i n y l ,   and  o t h e r   u n s a t u r a t e d  

f u n c t i o n a l   g r o u p s .  

The  i n v e n t i o n   a l s o   c o m p r i s e s   m e t h o d s   o f  

p r e p a r i n g   t he   a b o v e   c o p o l y m e r s .   A  u n i q u e   a s p e c t   o f  

20  t h e   m e t h o d s   of  t h e   p r e s e n t   i n v e n t o r s   is   t h e   s e q u e n -  

t i a l   f o r m a t i o n   of  h i g h   m o l e c u l a r   w e i g h t   c o p o l y m e r s  
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by  f i r s t   f o r m i n g   o l i g o m e r s   and  t h e n   c o u p l i n g  

o l i g o m e r s .   G e n e r a l l y ,   t h e   o l i g o m e r s   a r e   p r e p a r e d  

by  c o n d e n s i n g   a  h a l o g e n a t e d   d i s i l o x a n e   w i t h   a  d i -  

h a l o s i l a n e   by  l i t h i u m   c o n d e n s a t i o n ,   w h i l e   h i g h  

5  m o l e c u l a r   w e i g h t   s i l a n e - s i l o x a n e   c o p o l y m e r s   a r e  

p r e p a r e d   by  c o n d e n s i n g   h a l o g e n   t e r m i n a t e d   o l i g o m e r s  

w i t h   s o d i u m .   In  o t h e r   w o r d s ,   S i - 0   ( s i l o x a n e )   b o n d s  

or  l i n k a g e s   can  be  i n t r o d u c e d   i n t o   p o l y s i l a n e  

c h a i n s   by  c o n d e n s a t i o n   w i t h   l i t h i u m ,   or  p o l y s i l a n e s  

10  may  be  e n c a p p e d   w i t h   p o l y s i l o x a n e s .  

The  p o l y s i l a n e - s i l o x a n e   c o p o l y m e r s   o f  

t h e   i n v e n t i o n   e x h i b i t   u n i q u e   o p t i c a l   and  p h o t o s e n -  

s i t i v e   p r o p e r t i e s   w h i c h   may  be  u t i l i z e d   in  p h o t o -  

r e a c t i v e   c o m p o s i t i o n s ,   p r o c e s s e s   and  a p p l i c a t i o n s .  

15  D e t a i l e d   D e s c r i p t i o n   of  P r e f   e r r e d .   E m b o d i m e n t s  

The  p o l y s i l a n e - s i l o x a n e   c o p o l y m e r s   ( a  

t e r m   w h i c h   w i l l   be  u s e d   g e n e r i c a l l y   h e r e i n   t o  

i n c l u d e   o l i g o m e r s ,   r andom  c o p o l y m e r s ,   b l o c k  

c o p o l y m e r s ,   m i x e d   c o p o l y m e r s ,   or  m o d i f i e d  

20  c o p o l y m e r s )   a r e   f o r m e d   f r o m   b l o c k s   of   4  to   3 0  

s i l i c o n - s i l i c o n   ( S i - S i   or  s i l a n e )   bond  i n t e r r u p t e d  

by  1  to  100  s i l i c o n - o x y g e n   ( s i l o x a n e )   b o n d s .   I t   i s  



3 2 0 8 9 7 2  

6 

an  i m p o r t a n t   p a r t   of  t h i s   i n v e n t i o n   t h a t   t h e r e   b e  

at   l e a s t   4  (on  t h e   a v e r a g e   s t o i c h i o m e t r i c a l l y )   ,  a n d  

p r e f e r a b l y   a t   l e a s t   5  or  6,  s e q u e n t i a l   S i - S i   b o n d s  

b e f o r e   i n t e r r u p t i o n   w i t h   a  s i l o x a n e   b o n d .  

5  I f   a  and  b  in   f o r m u l a s   I  and   I I   a b o v e  

a l t e r n a t e   r a n d o m l y   w i t h   n = l - 9 ,   t h e   c o p o l y m e r   i s  

r e f e r r e d   to  as  a  r andom  or  m i c r o b l o c k   c o p o l y m e r .  

In  s u c h   c o p o l y m e r s   t h e r e   i s   e s s e n t i a l l y   h o m o g e n e o u s  

b e h a v i o r   ( i . e . ,   a  m i x t u r e   of  s i l a n e   and  s i l o x a n e  

L0  p r o p e r t i e s )   and  t h e   c o p o l y m e r s   a r e   no t   s o l u b l e   i n  

s i l i c o n e   s o l v e n t s   b u t   o n l y   THF  and  o t h e r   p o l a r  

s o l v e n t s .   I f   t h e r e   a r e   10  or   m o r e   S i - 0   l i n k a g e s   i n  

a  row  ( i . e . ,   n=10  to   a b o u t   1 0 0 ) ,   t h e   c o p o l y m e r s   a r e  

r e f e r r e d   to   as  b l o c k   or  m a c r o b l o c k   c o p o l y m e r s .  

15  Such  c o p o l y m e r s   t e n d   to  h a v e   more   of  t he   p r o p e r t i e s  

of  s i l o x a n e s   ( s i l i c o n e   or  s i l o x a n e - t y p e   b e h a v i o r )  

s u c h   as  b e i n g   s o l u b l e   in  h e x a m e t h y l d i s i l o x a n e   a n d  

o t h e r   s i l i c o n e   s o l v e n t s .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   c u t o f f  

20  b e t w e e n   m i c r o b l o c k   ( n = l - 9 )   and  m a c r o b l o c k   ( n = 1 0 -  

100)  c o p o l y m e r s   i s   s o m e w h a t   a r b i t r a r y   and  w a s  

s e l e c t e d   as  t he   a p p r o x i m a t e   p o i n t   w h e r e   t h e r e   i s   a  
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s i l o x a n e - t y p e   b e h a v i o r   and  a l s o   w h e r e   t h e   m e t h o d   o f  

s y n t h e s i s   c h a n g e s   ( m a c r o b l o c k   c o p o l y m e r s   b e i n g   p u t  

t o g e t h e r   by  c o u p l i n g ,   s u c h   as  c o u p l i n g   c h l o r i n e   o r  

5  s i l a n o l   t e r m i n a t e d   o l i g o m e r s   w i t h   p o l y s i l o x a n e  

o l i g o m e r s ) .   As  a  p r a c t i c a l   m a t t e r ,   t h e   b r e a k   p o i n t  

c o u l d   be  as  low  as  a b o u t   6  or  7 .  

Mixed   r andom  and  b l o c k   c o p o l y m e r s   a r e  

a l s o   p a r t   of  t h i s   i n v e n t i o n .   For   e x a m p l e ,   t h e  

10  p o l y s i l a n e   r i c h   p o r t i o n   of  t h e   p o l y m e r   may  b e  

i n t e r r u p t e d   r a n d o m l y   e v e r y   4 -30   u n i t s   by  a  s i l o x a n e  

l i n k a g e   and  t h e n   make  a  t r a n s i t i o n   to   a  s i l o x a n e  

p o r t i o n   w i t h   10  to   100  c o n s e c u t i v e   s i l o x a n e   b o n d s .  

H y p o t h e t i c a l   e x a m p l e s   can  be  d e p i c t e d   as  f o l l o w s :  

15  r andom  AAAAABAAAABAAAAAAABBAAAAAA 

b l o c k   AAAAAABBBBBBBBBBBBAAAAAAA 

m i x e d   AAAABAAAAAABAAAABBBBBBBBBBBBBAAAABAAAA 

20 

The  b a s i c   g e n e r a l   f o r m u l a   f o r   t h e   p o l y -  

s i l a n e - s i l o x a n e   c o p o l y m e r s   of  t h e   p r e s e n t   i n v e n t i o n  

may  be  r e p r e s e n t e d   by  f o r m u l a   I  a b o v e ,   w h i c h   i s  
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h i g l y   s i m p l i f i e d .   The  s y m b o l   Me  as  u s e d   h e r e i n  

w i l l   r e p r e s e n t   a  m e t h y l   (CH3)  g r o u p .   R  i s  

p r e f e r a b l y   l o w e r   a l k y l   ( u s u a l l y   m e t h y l )   or  a r y l  

( u s u a l l y   p h e n y l ) ,   a l t h o u g h   i t   w i l l   be  u n d e r s t o o d   b y  

5  t h o s e   s k i l l e d   in  t h e   a r t   t h a t   o t h e r   o r g a n i c   g r o u p s  

c o u l d   be  s u b s t i t u t e d .   H o w e v e r ,   as  n o t e d   a b o v e ,  

s i n c e   h i g h e r   r a t i o s   of  h y d r o c a r b o n   to   s i l i c o n   s i g -  

n i f i c a n t l y   a l t e r   o p t i c a l   t h e r m a l   c h a r a c t e r i s t i c s   o f  

t h e   c o m p o u n d s ,   i t   i s   g e n e r a l l y   d e s i r a b l e   to   k e e p  

10  frho  R  g r o u p s   s m a l l .  

In  f o r m u l a   I  t h e   d a s h e s   a t   e a c h   end   o f  

t h e   f o r m u l a   i n d i c a t e   b o n d s   to  u n s p e c i f i e d   t e r m i n a l  

g r o u p s   f o r   t h e   c o p o l y m e r s .   U s u a l l y ,   t h e s e   a r e  

h a l o g e n   or   h y d r o x y l   g r o u p s   due   to   t h e   n a t u r e   of  t h e  

15  u s u a l   r e a c t a n t s   in  s i l a n e   and  s i l o x a n e   c h e m i s t r y ,  

b u t   o t h e r   t e r m i n a l   g r o u p s   a r e   p o s s i b l e ,  

p a r t i c u l a r l y   when  f o r m i n g   t h e   m o d i f i e d   c o p o l y m e r s  

d i s c u s s e d   b e l o w .  

The  c o p o l y m e r s   of  t he   i n v e n t i o n   a r e  

20  l i n e a r   p o l y m e r s   as  d i s t i n g u i s h e d   f rom  b r a n c h e d   o r  

c r o s s - l i n k e d   r e s i n   m a t e r i a l s   s u c h   as  t h e  

p o l y s i l a n e - s i l o x a n e   m a t e r i a l s   of  B r i t i s h   p a t e n  
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s p e c i f i c a t i o n s   Nos.  6 7 5 , 9 2 1   and  6 8 9 , 6 4 8 ,   w h i c h   a r e  

p r o d u c e d   by  t h e   i n t r o d u c t i o n   of  m o n o m e r s   w i t h   t h r e e  

h y d r o l y z a b l e   g r o u p s .   The  s i l a n e   u n i t s   in  t h e  

c o p o l y m e r s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   in  b l o c k s  

5  of  a t   l e a s t   4  u n i t s   e a c h ,   so  t h a t   t o g e t h e r   w i t h   a  

s i l i c o n   a tom  f rom  an  a d j o i n i n g   s i l o x a n e   u n i t ,   t h e r e  

a r e   a t   l e a s t   4  s e q u e n t i a l   S i - S i   b o n d s   b e f o r e   i n t e r -  

r u p t i o n   w i t h   a  s i l o x a n e   bond .   P r e f e r a b l y ,   t h e r e  

a r e   4  to   30  (more  p r e f e r a b l y   5  or  6  to   30)  c o n s e c u -  

10  t i v e   s i l a n e   u n i t s   a l t h o u g h   l a r g e r   n u m b e r s   of  s i l a n e  

u n i t s   a r e   p o s s i b l e .  

The  s u b s c r i p t   n  d e s i g n a t e s   t h e   number   o f  

c o n s e c u t i v e   s i l o x a n e   u n i t s   and  p r e f e r a b l y   r a n g e s  

f rom  1  to  100 ,   a l t h o u g h   h i g h e r   n u m b e r s   of  s i l o x a n e  

15  u n i t s   may  be  i n c l u d e d .   Where   r andom  c o p o l y m e r s   a r e  

f o r m e d ,   1-9   u n i t s   i n t e r r u p t   b l o c k s   of  a t   l e a s t   4 

s i l a n e   u n i t s .   Where   b l o c k   c o p o l y m e r s   a r e   f o r m e d ,  

s i l o x a n e   b l o c k s   of   a b o u t   10  to   100  u n i t s   e a c h  

i n t e r r u p t   b l o c k s   ( c h a i n s )   of  a t   l e a s t   4  s i l a n e  

20  u n i t s .  

The  n u m b e r   of  c o n t i n u o u s   ( u n i n t e r r u p t e d )  

s i l a n e   c h a i n s   and  s i l o x a n e   c h a i n s   (or  u n i t s )   has   n o  

d e f i n i t e   u p p e r   l i m i t ,   a l t h o u g h   g e n e r a l l y   a  and  b  
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w i l l   no t   be  g r e a t e r   t h a n   a b o u t   10  e a c h .   H e n c e ,   t h e  

t o t a l   number   of  s i l a n e   u n i t s   in  a  c o p o l y m e r   w i l l   b e  

(m  t i m e s   a)  and  t he   t o t a l   number   of  s i l o x a n e   u n i t s  

w i l l   be  (n  t i m e s   b).  Of  c o u r s e ,   as  i l l u s t r a t e d   b y  

t he   h y p o t h e t i c a l   e x a m p l e s   a b o v e ,   m  and  n  may  c h a n g e  

t h r o u g h o u t   t h e   p o l y m e r   c h a i n .  

R e f r a c t i v e   i n d e x   is   a  good  m e a s u r e   o f  

t he   number   of  s i l a n e   u n i t s   v e r s u s   t h e   number   o f  

s i l o x a n e   u n i t s   s i n c e   t he   r e f r a c t i v e   i n d e x   o f  

s i l o x a n e s   i s   v e r y   low  and  t h e   r e f r a c t i v e   i n d e x   o f  

s i l a n e s   is   v e r y   h i g h .   The  c o p o l y m e r s   of  t h e  

i n v e n t i o n   may  be  d e s i g n a t e d   by  s i l a n e - s i l o x a n e  

c o n t e n t .   For  e x a m p l e ,   t h e   c o p o l y m e r   of  E x a m p l e   2 

b e l o w   may  be  d e s i g n a t e d   (90%)  d i m e t h y l   s i   l a n e -  

( 1 0 % ) d i m e t h y l s i l o x a n e   c o p o l y m e r .  

A d d i t i o n a l   m o n o m e r s   can  be  i n c o r p o r a t e d  

i n t o   t h e   c o p o l y m e r s   of  t h e   p r e s e n t   i n v e n t i o n   t o  

m o d i f y   them  in  s p e c i f i c   ways .   For   e x a m p l e ,  

a c r y l a t e   f u n c t i o n a l   p e n d a n t   g r o u p s   may  b e  

i n c o r p o r a t e d   i n t o   t h e   p o l y s i l a n e - s i l o x a n e  

c o p o l y m e r s   of  t h e   i n v e n t i o n .   Such  m o d i f i e d   p o l y -  

s i l a n e - s i l o x a n e   c o p o l y m e r s   may  be  r e p r e s e n t e d   b y  
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t he   g e n e r a l   f o r m u l a   I I   a b o v e   w h i c h   i s   g r e a t l y  

s i m p l i f i e d .  

In  t h i s   f o r m u l a   I I ,   R'  may  be  t h e   s a m e  

as  R  in  f o r m u l a   I ,   b u t   on  a l t e r n a t e   Si  a t o m s   in   a n y  

c h a i n   of  s i l o x a n e   u n i t s   R'  g r o u p s   may  be  r e a c t i v e  

g r o u p s   s e l e c t e d   f rom  a c r y l a t e ,   m e t h y a c r y l a t e   a n d  

o t h e r   u n s a t u r a t e d   s u b s t i t u t i o n s ,   p a r t i c u l a r l y  

v i n y l .  

The  c o p o l y m e r s   of  t h e   p r e s e n t   i n v e n t i o n  

e x h i b i t   u n i q u e   o p t i c a l   and  p h o t o s e n s i t i v e  

p r o p e r t i e s   and  can  be  p r e p a r e d   in  l i q u i d   or  s o l i d  

f o r m s   w h i c h   a r e   s o l u b l e   in  a  v a r i e t y   of  u s u a l  

o r g a n i c   s o l v e n t s .   In  p a r t i c u l a r ,   t h e   s i l a n e -  

s i l o x a n e   c o p o l y m e r s   show  r e m a r k a b l e   s e n s i t i v i t y   t o  

r a d i a t i o n .   D e p e n d i n g   upon  t h e i r   s p e c i f i c  

s t r u c t u r e s   and  f o r m u l a t i o n s ,   t h e y   r e s p o n d   t o  

e l e c t r o n   beam  or  u l t r a v i o l e t   r a d i a t i o n   by  d e p o l y -  

m e r i z i n g ,   b e h a v i n g   as  p h o t o i n i t i a t o r s   f o r   a c r y l a t e  

p o l y m e r i z a t i o n   or  c r o s s - l i n k i n g .   E x a m p l e s   4  and  8 

b e l o w   a r e   i l l u s t r a t i v e   of  t h e   p h o t o a c t i v i t y   of  t h e  

c o p o l y m e r s   of  t he   i n v e n t i o n   in  a c t i n g   as  i n i t i a t o r s  

f o r   a c r y l a t e   p o l y m e r i z a t i o n .  
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The  g e n e r a l   m e t h o d s   of  s y n t h e s i s   f o r   t h e  

c o p o l y m e r s   a c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n  

i n v o l v e   t he   f o r m a t i o n   of  a  h a l o g e n   t e r m i n a t e d  

o l i g o m e r   of  a  p o l y s i l a n e   or  p o l y s i l a n e - s i l o x a n e  

c o p o l y m e r ,   f o l l o w e d   by  c o u p l i n g   of  t he   o l i g o m e r s  

w i t h   t h e m s e l v e s   or  w i t h   d i s t i n c t   h i g h   m o l e c u l a r  

w e i g h t   s i l a n o l   t e r m i n a t e d   s i l o x a n e   s p e c i e s .   T h e  

m e t h o d s   of  s y n t h e s i s   may  be  i l l u s t r a t e d   by  t h e  

f o l l o w i n g   e q u a t i o n s   and  f o r m u l a s   w h i c h   a r e   g r e a t l y  

s i m p l i f i e d   f o r   e a s e   of  u n d e r s t a n d i n g .   W h i l e   c h l o r o  

c o m p o u n d s   a r e   i n d i c a t e d   in  t h e   e q u a t i o n s   as  a n  

e x a m p l e ,   i t   w i l l   be  u n d e r s t o o d   t h a t   o t h e r   h a l o g e -  

n a t e d   c o m p o u n d s   may  be  u s e d ,   a l t h o u g h   t h e   c h l o r o  

c o m p o u n d s   a r e   by  f a r   t h e   m o s t   p r e v a l e n t   in  t h e   a r t .  

S i m i l a r l y ,   s p e c i f i c   r e a c t i o n s   c o n d i t i o n s   a r e   n o t  

d e s c r i b e d   in  d e t a i l   s i n c e   t h e y   a r e   a n a l o g o u s   t o  

s i m i l a r   r e a c t i o n s   in  s i l i c o n   c h e m i s t r y   w h i c h   w i l l  

be  a p p a r e n t   to  t h o s e   of  o r d i n a r y   s k i l l   in  t h e   a r t .  

S p e c i f i c   r e a c t i o n   c o n d i t i o n s   f o r   t h e   p r e p a r a t i o n   o f  

s p e c i f i c   p o l y m e r   s p e c i e s   may  be  d e t e r m i n e d   by  o n e  

s k i l l e d   in  t h e   a r t   b a s e d   upon  t h e   s p e c i f i c   e x a m p l e s  

s e t   f o r t h   b e l o w   w i t h   o n l y   r o u t i n e   a d d i t i o n a l  

e x p e r i m e n t a t i o n .  
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W h e t h e r   t h e   c o p o l y m e r s   of  t h e   i n v e n t i o n  

a r e   s o l i d s   or  l i q u i d s   d e p e n d s   on  a  n u m b e r   o f  

f a c t o r s ,   i n c l u d i n g   ( in   r e l a t i v e   o r d e r   o f  

i m p o r t a n c e )   t he   number   of  S i - S i   b o n d s   ( t h e s e   a r e  

5  " s t i f f "   l i n k s   w h i c h   f a v o r   s o l i d s ) ,   t h e   s u b s t i t u t i o n  

of  t h e   R  g r o u p s   ( e . g . ,   p h e n y l   f a v o r s   s o l i d ) ,   a n d  

t h e   o v e r a l l   d e g r e e   of  p o l y m e r i z a t i o n   (DP).  The  DP 

is   n o t   e a s i l y   c o n t r o l l e d ,   b u t   t h e   use   of  s o d i u m  

c o u p l i n g   l e a d s   to   a  h i g h e r   DP. 

10  P o l y s i l a n e - s i l o x a n e   o l i g o m e r s   may  b e  

p r e p a r e d   by  c o n d e n s i n g   a  h a l o g e n a t e d   d i s i l o x a n e  

w i t h   a  d i d h a l o s i l a n e   by  l i t h i u m   c o n d e n s a t i o n .  

G e n e r a l l y ,   t h i s   r e a c t i o n   i s   c a r r i e d   o u t   a t   r o o m  

t e m p e r a t u r e   by  a d d i n g   t h e   r e a c t a n t s   to   a  d i s p e r s i o n  

15  of  t h e   l i t h i u m   m e t a l   in  an  o r g a n i c   s o l v e n t   s u c h   a s  

t e t r a h y d r o f u r a n   (THP).  The  l i q u i d   o l i g o m e r   i s  

s t r i p p e d   f rom  t h e   s o l v e n t   u n d e r   v a c u u m .   T h i s  

r e a c t i o n   may  be  i l l u s t r a t e d   by  t h e   f o l l o w i n g  

r e a c t i o n   e q u a t i o n   of  d i m e t h y l d i c h l o r o s i l a n e   w i t h  

20  1 , 3 - d i c h l o r o t e t r a m e t h y l d i s i l o x a n e   to  y i e l d   a  

c h l o r i n e   t e r m i n a t e d   p e r m e t h y l p o l y s i l a n e - s i l o x a n e  

o l i g o m e r   : 
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m ( M e 2 S i C l 2 )   +  C l M e 2 S i O S i M e 2 C l  

C l ( S i M e 2 ) i n ( o s i M e 2 ) n C l   < r  
Li  ( I I I )  

The  a b o v e   p o l y s i l a n e - s i l o x a n e   o l i g o m e r  

may  be  u s e d   to   f o r m   r a n d o m   c o p o l y m e r s   of   t h e   i n v e n -  

5  t i o n   by  e i t h e r   of  two  r o u t e s ,   d e p e n d i n g   u p o n  

w h e t h e r   l o w e r   or  h i g h e r   m o l e c u l a r   w e i g h t   c o p o l y m e r s  

a r e   d e s i r e d .   Lower  m o l e c u l a r   w e i g h t   c o p o l y m e r s   (x  

<  a b o u t   10)  may  be  f o r m e d   by  c o n d e n s i n g   a  h a l o g e n  

t e r m i n a t e d   p o l y s i l a n e - s i l o x a n e   o l i g o m e r   by  s o d i u m  

10  c o n d e n s a t i o n ,   as  r e p r e s e n t e d   by  t h e   f o l l o w i n g  

r e a c t i o n   e q u a t i o n :  

CI  (  SiMe2  )  m  (  OSiMe2  )  nCl  
- ^ H O   [  (  SiMe2  )  m  (  OSiMe2  )  nl  x°H  ( I V )  

Where   a  h i g h e r   m o l e c u l a r   w e i g h t   r a n d o m  

c o p o l y m e r   (x  >  a b o u t   10)  is   d e s i r e d ,   t h e   o l i g o m e r  

15  may  be  h y d r o l y z e d ,   as  i l l u s t r a t e d   by  t h e   f o l l o w i n g  

r e a c t i o n   e q u a t i o n :  

Cl  (  SiMe2  )  m  (  OSiMe2  )  nCl  —  $>HO  [  SiMe2  )  m  (  OSiMe2  )  nO]  XH  (V) 

As  an  e x t e n s i o n   of  t h e   l a t t e r   h y d r o l y s i s  

r e a c t i o n ,   t h e   h a l o g e n   t e r m i n a t e d   p o l y s i l a n e -  

20  s i l o x a n e   o l i g o m e r   may  be  r e a c t e d   w i t h   a  s i l a n o l  
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t e r m i n a t e d   o r g a n o f   u n c t i o n a l   s i l o x a n e   and  a  

h a l o g e n a t e d   o r g a n o f   u n c t i o n a l   s i l a n e   to   y i e l d  

m o d i f i e d   p o l y s i l a n e - s i l o x a n e   c o p o l y m e r s   s u c h   a s  

a c r y l a t e   or  m e t h a c r y l a t e   m o d i f i e d   c o p o l y m e r s .  

T h e s e   a r e   p r e f e r a b l y   b l o c k   c o p o l y m e r s   w i t h   t h e  

s i l o x a n e   p r e f e r a b l y   b e i n g   s i l a n o l   t e r m i n a t e d   p o l y -  

d i m e t h y l   s i l o x a n e .   T h i s   m e t h o d   is   i l l u s t r a t e d   b y  

t h e   f o l l o w i n g   r e a c t i o n   e q u a t i o n   of  c h l o r i n e   t e r m i -  

n a t e d   p o l y s i l a n e - s i l o x a n e   o l i g o m e r   w i t h   s i l a n o l  

t e r m i n a t e d   p o l y d i m e t h y l   s i l o x a n e   and  a  r e a c t i v e  

f u n c t i o n a l   m e t h y l d i c h l o r o s i l a n e :  

C l ( S i M e 2 ) m ( O S i M e 2 ) C l   +  H(OSiMe2)   mOH  +  S i M e R * C l 2 —   ,  ( V I )  

d e r i v e d   f rom  h a l o g e n   t e r m i n a t e d   p e r m e t h y l s i l a n e  

o l i g o m e r s   w h i c h   may  be  f o r m e d   by  e i t h e r   of   t w o  

r o u t e s .   One  r o u t e   i n v o l v e s   t h e   c h l o r i n a t i o n   of  a  

c y c l i c   p e r m e t h y l s i l a n e ,   as  i l l u s t r a t e d   by  t h e  

f o l l o w i n g   r e a c t i o n   e q u a t i o n :  

HO  [  (  SiMe2  )  m]  a  [  (  OSiMeR*  )  n]  bOH 

A l t e r n a t i v e l y ,   t h e   c o p o l y m e r s   may  b e  

( S i M e 9 )  ^   C l ( S i M e 2 ) m C l  ( V I I )  m 
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The  o t h e r   r o u t e   i n v o l v e s   t h e   l i t h i u m   c o n d e n s a t i o n  

of  a  d i m e t h y l d i h a l o s i l a n e ,   s u c h   as  i l l u s t r a t e d   b y  

t h e   f o l l o w i n g   c o n d e n s a t i o n   of  d i m e t h y l d i c h l o r o -  

s i l a n e :  

S iMe2Cl2   ^ C l ( S i M e 2 ) m C l   ( V I I I )  

The  h a l o g e n   t e r m i n a t e d   p e r m e t h y l s i l a n e  

o l i g o m e r   may  t h e n   be  h y d r o l y z e d ,   p r e f e r a b l y   i n  

s a t u r a t e d   s o d i u m   b i c a r b o n a t e   s o l u t i o n   to  y i e l d   a  

h y d r o x y l   t e r m i n a t e d   p o l y s i l a n e - s i l o x a n e   r andom  c o -  

p o l y m e r   a c c o r d i n g   to  t h e   i n v e n t i o n ,   as  i l l u s t r a t e d  

by  t he   f o l l o w i n g   r e a c t i o n   e q u a t i o n :  

Cl  (  SiMe2  )  mCl—  *HO  [  (  SiMe2  )  m]  a  [  (  OSiMe2  )  n  ]  bOH  (  IX  ) 

I f   a  b l o c k   c o p o l y m e r   i s   d e s i r e d ,   t h e  

h y d r o l y s i s   is   c a r r i e d   ou t   w i t h   a  s i l a n o l   t e r m i n a t e d  

o r g a n o f   u n c t i o n a l   s i l o x a n e   s u c h   as  s i l a n o l  

t e r m i n a t e d   p o l y d i m e t h y l s i l o x a n e ,   as  i l l u s t r a t e d   i n  

t he   f o l l o w i n g   r e a c t i o n   e q u a t i o n :  

C l ( S i M e 2 ) m C l   +  H(OSiMe2)nOH  —   >HO[  ( S i M e 2 ) m ] a ( O S i M e 2 ) r J b  

The  c o p o l y m e r s ,   m e t h o d s   and  u s e s   of  t h e   p r e -  

s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  more  d e t a i l  
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w i t h   r e f e r e n c e   to  t h e   f o l l o w i n g   s p e c i f i c ,   n o n -  

l i m i t i n g   e x a m p l e s .   U n l e s s   o t h e r w i s e   s t a t e d  

r e f r a c t i v e   i n d e x   and  s p e c i f i c   g r a v i t y   d e t e r m i n a -  

t i o n s   we re   made  a t   25  d e g r e e s   C.  M o l e c u l a r   w e i g h t  

5  d e t e r m i n a t i o n s   were   made  by  GPC  s t y r o g e l   c o l u m n s  

(500A  and  1000A  p o r o s i t y ) ,   and  a  c o r r e l a t i o n   f a c t o r  

( 1 . 5 - 3 )   b e t w e e n   peak   p o l y s t r y e n e   m o l e c u l a r   w e i g h t  

and  p o l y s i l a n e   m o l e c u l a r   w e i g h t   was  a p p l i e d .  

EXAMPLE  1 

10  P r e p a r a t i o n   of  P e r m e t h y l d e c a s i l a n e -  
D i s i l o x a n e   O l i g o m e r  

A  5  l i t e r   4 - n e c k   f l a s k   was  e q u i p p e d   w i t h  

a  g l a s s   m e c h a n i c a l   s t i r r e r ,   an  a d d i t i o n   f u n n e l ,   a  

d r y - i c e   c o n d e n s o r   and  n i t r o g e n   p u r g e .   I t   w a s  

15  c h a r g e d   w i t h   a  d i s p e r s i o n   of  31  g  (4.5  m o l e s )   o f  

l i t h i u m   m e t a l   in  2  l i t e r s   of  t e t r a h y d r o f u r a n   (THP) .  

M e c h a n i c a l   a g i t a t i o n   was  commenced   and  40  ml  of  a  

t o t a l   m i x t u r e   (291  ml)  c o n t a i n i n g   49  ml  ( 0 . 2 5  

m o l e s )   of  1 , 3 - d i c h l o r o t e t r a m e t h y l d i s i l o x a n e   and  2 4 2  

20  ml  (2  m o l e s )   of  d i m e t h y l d i c h l o r o s i l a n e   was  a d d e d .  

A f t e r   a b o u t   30  m i n u t e s   a  m i l d   e x o t h e r m   w a s  

o b s e r v e d .   The  m i x t u r e   was  s t i r r e d   a n o t h e r   30  
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m i n u t e s .   I t   a p p e a r e d   w e a k l y   g r e e n   in  c o l o r .  

A d d i t i o n   was  r e s u m e d .   C o l o r   g r a d u a l l y   t u r n e d  

p u r p l i s h   t h e n   b l a c k .   The  t e m p e r a t u r e   d u r i n g   t h e  

a d d i t i o n   was  5 0 - 6 5   d e g r e e s   C.  T o t a l   a d d i t i o n   t i m e  

f o r   t h e   291  ml  m i x t u r e   was  5  h o u r s .   The  s o l v e n t  

l a y e r   was  d e c a n t e d   f rom  t h e   s a l t s .   I t   was  f i l t e r e d  

t h r o u g h   a  Z e t a   f i l t e r   pad  and  s t r i p p e d   u n d e r   v a c u u m  

a t   40  d e g r e e s   C.  GPC  i n d i c a t e d   t h e   m a t e r i a l  

( o l i g o m e r )   had  an  a v e r a g e   d e g r e e   of  p o l y m e r i z a t i o n  

of  9 - 1 8 .   The  o l i g o m e r   a l s o   had  a  r e f r a c t i v e   i n d e x  

of  1 . 4 9 5   a t   23  d e g r e e s   C  and   a  d e n s i t y   of  0 . 8 9 - 0 . 9 0  

a t   20  d e g r e e s   C.  The  o l i g o m e r   was  c h l o r i n e   t e r m i -  

n a t e d .   The  low  v i s c o s i t y   l i q u i d   ( o l i g o m e r )  

e x h i b i t e d   UV  a b s o r p t i o n   max.  a t   230  nm. 

EXAMPLE  2 

P r e p a r a t i o n   of  P e r m e t h y l d e c a s i l a r j e -  
D i s i l o x a n e   High  P o l y m e r  

A  250  ml  3 - n e c k   f l a s k   was  c h a r g e d   w i t h  

2 .3g  of  e l e c t r o l y t i c   s o d i u m   b e a d s   and  100  mi s   o f  

t o l u e n e .   The  f l a s k   was  e q u i p p e d   w i t h   H e r s h b e r g  

s t i r r e r ,   a d d i t i o n   f u n n e l   and  c o n d e n s o r .   S o d i u m  

d i s p e r s i o n   was  p r e p a r e d   by  h e a t i n g   t he   m i x t u r e   t o  

a p p r o x i m a t e l y   100  d e g r e e s   C  w h i l e   s t i r r i n g   a t   h i g h  
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s p e e d   and  a l l o w i n g   t h e   m i x t u r e   to   c o o l   to   60  

d e g r e e s   C.  The  c h l o r i n e   t e r m i n a t e d   o l i g o m e r   f r o m  

E x a m p l e   l ( 2 2 . 5 g )   was  a d d e d   o v e r   30  m i n u t e s .   T h e  

c o l o r   t u r n e d   d a r k   p u r p l e .   The  m i x t u r e   was  h e a t e d  

5  4-5  h o u r s   a t   60  d e g r e e s   C  w i t h   s t i r r i n g .   A f t e r  

c o o l i n g   to   room  t e m p e r a t u r e   a  m i x t u r e   o f  

a p p r o x i m a t e l y   2  ml  of  w a t e r   in  25  ml  of  t e t r a h y d r o -  

f u r a n   was  a d d e d   s l o w l y .   S l i g h t   f o a m i n g   w a s  

o b s e r v e d .   The  p u r p l e   c o l o r   l i g h t e n e d   b u t  

10  p e r s i s t e d .   25  ml  of  w a t e r   was  a d d e d   and  t h e   l a s t  

t r a c e   of  p u r p l e   d i s a p p e a r e d .   The  s o l v e n t   l a y e r   w a s  

s e p a r a t e d ,   w a s h e d   t w i c e   w i t h   w a t e r   and  t h e n  

s t r i p p e d   u n d e r   v a c u u m .   R e f r a c t i v e   i n d e x   of  t h e  

p o l y m e r   m a t e r i a l   was  1 .499   a t   23  d e g r e e s   C  a n d  

15  s p e c i f i c   g r a v i t y   was  0 .94 .   The  p o l y m e r   m a t e r i a l  

was  a  v i s c o u s   l i q u i d   w i t h   a  f r e e z i n g   p o i n t   of   1 8 - 2 0  

d e g r e e s   C,  and  e x h i b i t e d   UV  a b s o r p t i o n   a t   240  a n d  

255  nm.  GPC  i n d i c a t e d   a  b i m o d a l   d i s t r i b u t i o n   c o n -  

s i s t i n g   of  a  h i g h   m o l e c u l a r   w e i g h t   ( 4 5 0 0 - 9 0 0 0 )  

29  f r a c t i o n   and  a  f r a c t i o n   w i t h   m o l e c u l a r   w e i g h t  

s i m i l a r   to  t h e   s t a r t i n g   f r a c t i o n .   (M.W.  of  a b o u t  

5 0 0 - 1 0 0 0 ) .  
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EXAMPLE  3 

P r e p a r a t   ion   of  P e r m e t h y l p e n t a s i l a n e -  
D i s i l o x a n e   P o l y m e r  

The  o l i g o m e r   of   E x a m p l e   1  was  a d d e d   t o  

an  e x c e s s   of  s o d i u m   b i c a r b o n a t e   s a t u r a t e d   w a t e r   a n d  

s t i r r e d   24  h o u r s .   The  p o l y m e r   was  e x t r a c t e d   w i t h  

h e x a n e ,   f i l t e r e d   and  s t r i p p e d   a t   40  d e g r e e s   C.  T h e  

r e f r a c t i v e   i n d e x   of  t h e   compound   was  1 . 4 9 1 .   T h e  

m a t e r i a l   was  l i q u i d   and   d i d   n o t   show  s i g n s   o f  

f r e e z i n g   u n t i l   c o o l e d   to   10  d e g r e e s   C.  E l e m e n t a l  

a n a l y s i s   and  c o m p a r i s o n   of  i n f r a - r e d   peak   r a t i o s   a t  

1225   and  1235   i n d i c a t e   t h a t   t h e   p o l y m e r   can   b e  

n o m i n a l l y   d e s c r i b e d   as  p e r m e t h y l p e n t a s i l a n e -  

d i s i l o x a n e   p o l y m e r .   The  p r i n c i p a l   UV  a b s o r p t i o n  

was  a t   235  nm.  M o l e c u l a r   w e i g h t   was  a b o u t   4 5 0 0 -  

9 0 0 0 .  

EXAMPLE  4 

UV  i n i t i a t i o n   w i t h   s i l a n e - s i l o x a n e   p o l y m e r s  

An  a e r y   l o x y   p r o p y l   me  t hy   1  dime  t hy   l d i -  

s i l o x a n e   c o p o l y m e r   was  s p r e a d   as  a  f i l m   on  t h r e e  

g l a s s   s l i d e s :   one  as  n e a t   c o p o l y m e r ,   one  w i t h   5% 

e t h y l b e n z o i n   d i s s o l v e d   in  t h e   c o p o l y m e r ,   and  o n e  
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w i t h   5%  s i l a n e s i l o x a n e   p o l y m e r   of  E x a m p l e   2 

d i s s o l v e d   in  t h e   c o p o l y m e r .   The  t h r e e   f i l m s   w e r e  

e x p o s e d   u n d e r   a i r   t o   F u s i o n   D  200  w a t t   UV  l i g h t   f o r  

5  s e c o n d s .   The  n e a t   s a m p l e   showed   no  c u r e .   T h e  

e t h y l   b e n z o i n   and  s i l a n e - s i l o x a n e   p o l y m e r   m i x t u r e s  

p h o t o i n i t i a t e d   p o l y m e r i z a t i o n   of  t h e   r e s p e c t i v e  

c o p o l y m e r   f i l m s .   A c r y l a t e   f u n c t i o n a l   s i l o x a n e s   a r e  

s u s c e p t i b l e   to   UV  l i g h t   in  t h e   p r e s e n c e   of  a  

p h o t o i n i t i a t o r .   T h i s   e x a m p l e   shows   t h a t   s i l a n e -  

s i l o x a n e   c o p o l y m e r s   of  t h e   p r e s e n t   i n v e n t i o n   p h o t o -  

i n i t i a t e   in  a  m a n n e r   s i m i l a r   to   e t h y l   b e n z o i n ,  

w h i c h   i s   a  c l a s s i c   p h o t o i n i t i a t o r .  

EXAMPLE  5 

P r e p a r a t i o n   of  p o l v p e r m e t h y l p e n t a d e c a s i l a n e -  
d i s i l o x a n e   o l i g o m e r  

Under   t he   same  c o n d i t i o n s   as  d e s c r i b e d  

in  E x a m p l e   1  a  m i x t u r e   of   218  m i s   of   d i m e t h y l d i -  

c h l o r o s i l a n e   and  19.6  m i s   of  d i c h l o r o t e t r a m e t h y l d i -  

s i l o x a n e   was  a d d e d   to   27g  of  l i t h i u m   m e t a l  

d i s p e r s i o n   in  t e t r a h y d r o f   u r a n .   The  o r g a n i c  

f r a c t i o n   was  i s o l a t e d   and  t h e n   s t o r e d   a t   0 - 1 0  

d e g r e e s   C  f o r   48  h o u r s .   C r y s t a l s   of  d o d e c a m e t h y l -  

c y c l o h e x a s i l a n e   p r e c i p i t a t e d .   The  m i x t u r e   w a s  
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f i l t e r e d   to  g i v e   a  c h l o r i n e   t e r m i n a t e d   o l i g o m e r .  

The  m a t e r i a l   had  a  r e f r a c t i v e   i n d e x   of  1 .501  a t   2 1  

d e g r e e s   C.  E l e m e n t a l   a n a l y s i s   g a v e   a  s t o i c h i o m e t r y  

i n d i c a t i n g   a  r a t i o   of  a p p r o x i m a t e l y   15  S i - S i   b o n d s  

p e r   S i - O - S i   bond.   The  o l i g o m e r   showed   UV  max  a t  

235  and  275  nm.  M o l e c u l a r   w e i g h t   was  a b o u t   5 0 0 -  

1 0 0 0 .  

EXAMPLE  6 

P r e p a r a t i o n   of  P e r m e t h y l d e c a s i l a n e - 1 , 3 - D i p h e n y l -  
l , f 3 . r P i m e t h y l   D i s i l o x a n e   O l i g o m e r  

The  m e t h o d   of  E x a m p l e   1  was  f o l l o w e d  

e x a c t l y   w i t h   1  , 3 - d i c h l o r o - l , 3 - d i p h e n y l - l , 3 - d i -  

m e t h y l   d i s i l o x a n e   s u b s t i t u t e d   f o r   1 , 3 - d i c h l o r o t e t r a -  

m e t h y l d i s i l o x a n e .   The  r e a c t i o n   p r o c e e d e d  

a n a l o g o u s l y .   A f t e r   t h e   i n i t i a l   e x o t h e r m   t h e   r e a c -  

t i o n   m i x t u r e   t u r n e d   b rown  and  f i n a l l y   a  r u d d y -  

o r a n g e   b e f o r e   l i t h i u m   c h l o r i d e   s a l t s   p r e c i p i t a t e d  

and  t he   m i x t u r e   c l e a r e d .   W o r k - u p   y i e l d e d   a n  

o l i g o m e r   w i t h   a  m o l e c u l a r   w e i g h t   of  5 5 0 - 1 0 0 0 ,   a 

r e f r a c t i v e   i n d e x   of  1 .547  a t   25  d e g r e e s   C,  a n d  

e x h i b i t e d   UV  max  a b s o r p t i o n   a t   235 ,   250 ,   258,   2 7 5  

and  285  nm.  
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EXAMPLE  7 

Under   c o n d i t i o n s   d i s c u s s e d   in  E x a m p l e   3 ,  

t he   o l i g o m e r   of  E x a m p l e   6  was  t r e a t e d   w i t h   s o d i u m .  

The  s o l i d   p o l y m e r   has   a  m o l e c u l a r   w e i g h t   a b o u t  

5  2 5 0 0 - 4 0 0 0 .   The  r e f r a c t i v e   i n d e x   was  1 . 5 5 8 6 ,   a n d  

e x h i b i t e d   UV  max  a b s o r p t i o n   s i m i l a r   to  E x a m p l e   6  a t  

2 3 5 ,   2 5 0 ,   2 5 8 ,   275  and  285  nm.  

One  of  t h e   s i g n i f i c a n t   p r o p e r t i e s   o f  

s i l a n e - s i l o x a n e   c o p o l y m e r s   i s   t h e   a b i l i t y   to   f o r m  

10  p h o t o a c t i v e   b l o c k s   in  s i l i c o n e   p o l y m e r s   as  shown  i n  

E x a m p l e   8  b e l o w .  

EXAMPLE  8 

A  250  ml  f l a s k   e q u i p p e d   w i t h   a  m a g n e t i c  

s t i r r e r   and  c h a r g e d   w i t h   25  ml  of  u n i n h i b i t e d   (BHT- 

15  f r e e )   t e t r a h y d r o f   u r a n   and  6g  of  s i l a n o l   t e r m i n a t e d  

p o l y d i m e t h y l   s i l o x a n e   (1700  M.W.)  w i t h   a b o u t   2 . 5  

w e i g h t   p e r c e n t   OH.  A c r y l o x y p r o p y l m e t h y l -   d i c h l o r o -  

s i l a n e   (8g)  was  a d d e d .   The  m i x t u r e   was  s t i r r e d   f o r  

16  h o u r s .   P e r m e t h y l   s i l a n e - s i l o x a n e   o l i g o m e r .   ( 6 g )  

20  f r o m   E x a m p l e   5  was  a d d e d ,   f o l l o w e d   by  10  ml  of   a  

50 :50   m i x t u r e   of  THF  and  w a t e r .   A f t e r   20  m i n u t e s  

t h e   m i x t u r e   was  p o u r e d   i n t o   a  s e p a r a t o r y   f u n n e l   a n d  
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washed   t h r e e   t i m e s   w i t h   w a t e r .   The  p o l y m e r   w a s  

t r i p p e d   u n d e r   v a c u u m   a t   40  d e g r e e s   C.  T h e  

r e s u l t i n g   p o l y m e r   g a v e   t h e   e x p e c t e d   IR  of  a  ( p e r -  

m e t h y l s i l a n e - d i s i l o x a n e ) - ( a c r y l o x y p r o p y l m e t h y l -  

s i l o x a n e ) - ( d i m e t h y l s i l o x a n e )   b l o c k   p o l y m e r .  

V i s c o s i t y   of  t he   b l o c k   p o l y m e r   was  1 0 0 - 2 0 0   c t s k ,  

and  r e f r a c t i v e   i n d e x   was  1 .448  a t   23  d e g r e e s   C. 

The  l i q u i d   p o l y m e r   was  c o a t e d   on  g l a s s  

s l i d e s   and   e x p o s e d   in  a i r   to   a  F u s i o n   D  200  w a t t  

u l t r a v i o l e t   l i g h t   s o u r c e   f o r   a b o u t   1  s e c o n d .   T h e  

m a t e r i a l   c u r e d   to  a  f i l m .   The  r e f r a c t i v e   i n d e x   o f  

t h e   f i l m   was  1 . 4 5 4 .  

R e p e a t i n g   E x a m p l e   8  w i t h o u t   t h e   a d d i t i o n  

of  a c r y l o x y p r o p y l m e t h y l d i c h l o r o s i l a n e   w o u l d   y i e l d   a  

s i m p l e ,   as  o p p o s e d   m o d i f i e d ,   b l o c k   c o p o l y m e r .  

EXAMPLE  9 

P o l y d i m e t h y l s i l a n e - d i m e t h y l   s i l o x a n e   C o p o l y m e r  
H y d r i d e   S u b s t i t u t e d  

A  f o u r   n e c k   12  L  f l a s k   e q u i p p e d   w i t h  

o v e r h e a d   s t i r r e r ,   c o n d e n s o r   and  p o t   t h e r m o m e t e r   i s  

b l a n k e t e d   w i t h   n i t r o g e n .   The  f l a s k   i s   c h a r g e d   w i t h  

8  l i t e r s   of  d ry   t e t r a h y d r o f   u r a n   and  81.5  g.  o f  
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p o t a s s i u m   s t i c k s .   The  p o t a s s i u m   i s   p r e v i o u s l y  

w a s h e d   w i t h   h e x a n e   to   r e m o v e   m i n e r a l   o i l .   W i t h  

f u l l   a g i t a t i o n ,   h i g h   m o l e c u l a r   w e i g h t ,   i n s o l u b l e  

p o l y d i m e t h y s i l a n e   i s   a d d e d   and  d i s p e r s e d   in  f i v e  

100  g.  p o r t i o n s .   The  s l u r r y   i s   h e a t e d   to   r e f l u x .  

A f t e r   s e v e r a l   h o u r s   t h e   p o t a s s i u m   m e l t s   and  f o r m s  

s m a l l   s p h e r e s .   Ove r   t h e   n e x t   3 -4   d a y s   t h e   m i x t u r e  

t u r n s   amber   and  t h e   p o l y m e r   d i s s o l v e s .   The  m i x t u r e  

is   r e f l u x e d   2-3  w e e k s .   I t   i s   t h e n   a l l o w e d   to   c o o l .  

The  m i x t u r e   i s   d e c a n t e d   f rom  p o t a s s i u m   s a l t s   a n d  

f i l t e r e d   t h r o u g h   g l a s s - w o o l   and  t h e n   d i s s o l v e d   i n  

an  e q u a l   v o l u m e   of  h e x a n e .   The  s o l u t i o n   is   w a s h e d  

t h o r o u g h l y   w i t h   w a t e r   u n t i l   mos t   t e t r a h y d r o f   u r a n   i s  

e x t r a c t e d .   A  s m a l l   a m o u n t   of  s o l i d   p o l y m e r   p r e c i -  

p i t a t e s .   T h i s   i s   r e m o v e d   by  f i l t r a t i o n .   T h e  

h e x a n e   is   s t r i p p e d   u n d e r   v a c u u m .   The  r e s u l t i n g  

1  i q u i d   p o l y m e r   has   a  r e f r a c t i v e   i n d e x   of  1 .5361   § 

22  d e g r e e s   C.  The  i n f r a - r e d   showed   e v i d e n c e   o f  

i n t r o d u c t i o n   of  h y d r o g e n   s u b s t i t u t i o n   r e p l a c i n g  

m e t h y l   g r o u p s   as  e v i d e n c e d   by  s t r o n g   a b s o r p t i o n   a t  

2055  cm-1  GPC  i n d i c a t e d   MW  >  1 2 0 0 .  

I t   w i l l   be  r e c o g n i z e d   by  t h o s e   s k i l l e d  

in  t h e   a r t   t h a t   c h a n g e s   may  be  made   to   t h e   a b o v e -  
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d e s c r i b e d   e m b o d i m e n t s   of  t h e   i n v e n t i o n   w i t h o u t  

d e p a r t i n g   f rom  t he   b r o a d   i n v e n t i v e   c o n c e p t s  

t h e r e o f .   I t   i s   u n d e r s t o o d ,   t h e r e f o r e ,   t h a t   t h i s  

i n v e n t i o n   i s   n o t   l i m i t e d   to   t h e   p a r t i c u l a r   e m b o d i -  

5  m e n t s   d i s c l o s e d ,   b u t   i t   i s   i n t e n d e d   to  c o v e r   a l l  

m o d i f i c a t i o n s   w h i c h   a r e   w i t h i n   t h e   s c o p e   and  s p i r i t  

of  t h e   i n v e n t i o n   as  d e f i n e d   by  t h e   a p p e n d e d   c l a i m s .  
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1.  A  l i n e a r   p o l y s i l a n e - s i l o x a n e   c o -  

p o l y m e r   of  t h e   g e n e r a l   f o r m u l a :  

[ ( S i M e 2 ) m ] a [ ( O S i M e R ) n ] b  

5  w h e r e i n   Me  i s   a  m e t h y l   g r o u p ,   R  i s   l o w e r   a k l y l   o r  

a r y l ,   m  -  4  t o   a b o u t   30  i n c l u s i v e ,   n  -  1  to   a b o u t  

100  i n c l u s i v e ,   a  and   b  a r e   e a c h   1  t o   a b o u t   1 0  

i n c l u s i v e ,   and  a  u n i t s   a l t e r n a t e   w i t h   b  u n i t s .  

2.  A  p o l y s i l a n e - s i l o x a n e   c o p o l y m e r  

10  a c c o r d i n g   to   C l a i m   1  w h i c h   i s   a  r andom  c o p o l y m e r  

w h e r e i n   n  =  1  to   a b o u t   9  i n c l u s i v e .  

3.  A  p o l y s i l a n e - s i l o x a n e   c o p o l y m e r  

a c c o r d i n g   to  C l a i m   1  w h i c h   i s   a  b l o c k   c o p o l y m e r  

w h e r e i n   n  =  a b o u t   10  to   a b o u t   100  i n c l u s i v e .  

5  4.  A  p o l y s i l a n e - s i l o x a n e   c o p o l y m e r  

a c c o r d i n g   to   C l a i m   1  w h i c h   i s   an  o l i g o m e r .  

5.  A  p o l y s i l a n e - s i l o x a n e   o l i g o m e r  

a c c o r d i n g   to   C l a i m   1  w h i c h   i s   p h o t o r e a c t i v e .  

6.  A  p o l y s i l a n e - s i l o x a n e   c o p o l y m e r  

0  a c c o r d i n g   to   C l a i m   1  w h e r e i n   t h e   c o p o l y m e r   i s  

m o d i f i e d   by  t h e   i n c o r p o r a t i o n   of  a c r y l a t e  
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f u n c t i o n a l   p e n d a n t   g r o u p s   on  some  of  s a i d  

s i l o x a n e s .  

7.  A  m o d i f i e d   l i n e a r   p o l y s i l a n e -  

s i l o x a n e   c o p o l y m e r   of  t he   g e n e r a l   f o r m u l a :  

[ ( S i M e 2 ) m ] a [ ( 0 S i M e R ' ) n ] b  

w h e r e i n   Me  is   a  m e t h y l   g r o u p ,   R*  a l t e r n a t e s   b e t w e e n  

l o w e r   a l k y l   or  a r y l   on  some  Si  a t o m s   and   a  r e a c t i v e  

g r o u p   on  o t h e r   Si  a t o m s ,   w h e r e i n   t h e   r e a c t i v e   g r o u p  

is   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  a c r y l a t e ,  

m e t h a c r y l a t e ,   v i n y l ,   and  o t h e r   u n s a t u r a t e d  

f u n c t i o n a l   g r o u p s ,   m  =  4  to   a b o u t   30  i n c l u s i v e ,   n  = 

1  to   a b o u t   100  i n c l u s i v e ,   a  and  b  a r e   e a c h   1  t o  

a b o u t   10  i n c l u s i v e ,   and  a  u n i t s   a l t e r n a t e   w i t h   b  

u n i t s .  

8.  A  m o d i f i e d   p o l y s i l a n e - s i l o x a n e  

c o p o l y m e r   a c c o r d i n g   to  C l a i m   7  w h i c h   i s   a  b l o c k  

c o p o l y m e r   w h e r e i n   n  =  a b o u t   10  to   a b o u t   1 0 0  

i n c l u s i v e .  

9.  A  m e t h o d   of  p r e p a r i n g   h i g h  

m o l e c u l a r   w e i g h t   l i n e a r   p o l y s i l a n e - s i l o x a n e   r a n d o m  

c o p o l y m e r s   of  C l a i m   2  c o m p r i s i n g   c o n d e n s i n g   a  
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h a l o g e n   t e r m i n a t e d   p o l y s i l a n e - s i l o x a n e   o l i g o m e r   b y  

s o d i u m   c o n d e n s a t i o n .  

10.  A  m e t h o d   a c c o r d i n g   to   C l a i m   9 

w h e r e i n   s a i d   h a l o g e n   t e r m i n a t e d   p o l y s i l a n e - s i l o x a n e  

is  p r e p a r e d   by  c o n d e n s i n g   a  h a l o g e n a t e d   d i s i l o x a n e  

w i t h   a  d i c h l o r o s i l a n e   by  l i t h i u m   c o n d e n s a t i o n .  

11.  A  m e t h o d   of  p r e p a r i n g   h i g h  

m o l e c u l a r   w e i g h t   p o l y s i l a n e - s i l o x a n e   r a n d o m  

c o p o l y m e r s   of  C l a i m   2  c o m p r i s i n g   h y d r o l y z i n g   a  

h a l o g e n   t e r m i n a t e d   p o l y s i l a n e - s i l o x a n e   o l i g o m e r .  

12.  A  m e t h o d   a c c o r d i n g   to   C l a i m   11  

w h e r e i n   s a i d   h a l o g e n   t e r m i n a t e d   to   p o l y s i l a n e -  

s i l o x a n e   o l i g o m e r   i s   p r e p a r e d   by  c o n d e n s i n g   a  

h a l o g e n a t e d   d i s i l o x a n e   w i t h   a  d i c h l o r o s i l a n e   b y  

l i t h i u m   c o n d e n s a t i o n .  

13.  A  m e t h o d   of  p r e p a r i n g   p o l y s i l a n e -  

s i l o x a n e   b l o c k   c o p o l y m e r s   of  C l a i m   3  c o m p r i s i n g  

r e a c t i n g   a  h a l o g e n   t e r m i n a t e d   p e r m e t h y l s i l a n e  

o l i g o m e r   w i t h   a  s i l a n o l   t e r m i n a t e d   o r g a n o f u n c t i o n a l  

s i l o x a n e .  

14.  A  m e t h o d   a c c o r d i n g   to   c l a i m   13  

t h e r e i n   s a i d   s i l o x a n e   i s   a  s i l a n o l   t e r m i n a t e d   p o l y -  

3 i m e t h y l s i l o x a n e .  
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15.  A  m e t h o d   of  p r e p a r i n g   m o d i f i e d  

p o l y s i l a n e - s i l o x a n e   c o p o l y m e r s   of  C l a i m   7 

c o m p r i s i n g   r e a c t i n g   a  h a l o g e n   t e r m i n a t e d   p e r m e t h y l -  

s i l a n e - s i l o x a n e   o l i g o m e r   w i t h   a  s i l a n o l   t e r m i n a t e d  

5  o r g a n o f   u n c t i o n a l   s i l o x a n e   and  a  h a l o g e n a t e d   o r g a n o -  

f u n c t i o n a l   s i l a n e .  

16.  A  m e t h o d   a c c o r d i n g   to  C l a i m   15  

w h e r e i n   t he   o r g a n o f   u n c t i o n a l   i t y   of  s a i d   s i l a n e  

i n c l u d e s   a t   l e a s t   one  a c r y l a t e   or  m e t h a c r y l a t e  

10  g r o u p   per   s i l i c o n   a t o m .  

17.  A  m e t h o d   a c c o r d i n g   to   C l a i m   16 

w h e r e i n   s a i d   s i l a n e   i s   a c r y l o x y p r o p y l m e t h y l d i -  

c h l o r o s i l a n e .  

18.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1 5  

15  w h e r e i n   s a i d   s i l o x a n e   i s   s i l a n o l   t e r m i n a t e d   p o l y -  

dime  t h y l s i l o x a n e .  
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